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(57) An acousto-optic tunable filter 4 including: an 
acousto-optic crystal 41 ; an acoustic wave driver 42; 
and a piezoelectric transducer 43, is provided in front of 
a light source section 2 including a plurality of light 
sources 2A, 2B, ... 2N having different wavelength char- 
acteristics. The frequency of RF generated by the 
acoustic wave driver 42 is varied in accordance with a 
desired wavelength. Thus, the light having the desired 
wavelength is incident on a converging lens 5 as plus 
and minus first-order light beams, and the light having 
wavelengths other than the desired wavelength is inci- 
dent on a converging lens 5 as a zero-order light beam. 
The converging lens 5 converges the plus and minus 
first-order light beams and the zero-order light beams at 
positions different from each other. A selector 6 having 
openings located at the positions onto which the plus 
and first-order light beams are converged is provided in 
front of the converging lens 5. Therefore, only the light 
having the desired wavelength can pass through the 
selector 6 and is emitted from the light source apparatus 
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Description 
TECHNICAL FIELD 

The present invention relates to a light source 
apparatus for selecting or separating light having a 
required wavelength from light emitted from a single 
light source or a plurality of light sources and projecting 
the light More particularly; the present invention relates 
to a light source apparatus used for obtaining informa- 
tion of a measured object based on the intensity of 
transmitted light or reflected light (including scattered 
light) obtained by irradiating the measured object with 
visible light or near-infrared light. 

BACKGROUND ART 

In recent years, various kinds of optical measure- 
ments have been performed using light transmitted 
through, reflected by, or scattered by, a measured 
object. In performing such an optical measurement, the 
intensity of transmitted light, reflected light, or scattered 
light, obtained by irradiating a measured object with 
light is detected, thereby obtaining information of the 
measured object. 

Light having a preferred wavelength suitable for the 
measured object is selected as the light used for the 
measurement. On the other hand, even when the meas- 
urement is performed with respect to the same meas- 
ured object, the intensity of the resulting transmitted 
light, reflected light, or scattered light, differs depending 
upon the wavelength selected for the measurement. 
Thus, a preferred wavelength must be selected in con- 
sideration of the measurement conditions. In order to 
realize highly sensitive measurement, it is necessary to 
project light including a light beam having the wave- 
length thus selected onto the measured object with high 
precision. 

In performing such an optical measurement, a light 
source apparatus including a combination of at least 
one light source emitting light having a plurality of wave- 
lengths and a plurality of filters having respectively dif- 
ferent transmission wavelengths has conventionally 
been used. In such a conventional light source appara- 
tus, a plurality of filters are movabiy provided. Depend- 
ing on a wavelength used for measurement, one of the 
plurality of filters is selected and then moved to a posi- 
tion suitable for receiving a light emitted from the light 
source, including light with the required wavelength, 
thereby projecting the light beam with the wavelength 
used for measurement onto a measured object. 

However, in such a conventional light source appa- 
ratus, in order to sequentially change the wavelengths 
of the light beams to be incident onto the same meas- 
ured object (i.e., in order to perform a scanning of the 
wavelengths), the plurality of filters are required to be 
sequentially interchanged by mechanically moving a fil- 
ter unit Thus, such a conventional apparatus has a 



problem in that the configuration and the operation of 
the entire apparatus becomes complicated or the size 
thereof becomes large. 

In addition, in a conventional light source appara- 

5 tus, the quantity of light adversely becomes unstable 
depending upon the ambient temperature around the 
light source. Moreover, in the case where such a light 
source apparatus includes a plurality of light sources, 
every time a light source emitting light with the wave- 
to length used for measurement is selected from the plu- 
rality of light sources, the power supplies of the light 
source are required to be turned ON/OFF. Thus, every 
time light sources are switched, it takes a significant 
period of time until the quantity of light is stabilized. Fur- 

15 thermore, since the light sources themselves have 
respectively different wavelength characteristics and a 
plurality of filters are used, the intensity of light emitted 
from the conventional light source apparatus varies 
depending on the wavelength thereof. 

20 Furthermore, light which has been incident on the 
measured object and then transmitted through, 
reflected by or scattered by the measured object is used 
for performing the above-described optical measure- 
ment. Thus, the intensity of the light used for measure- 

25 ment is affected by the absorption of light by the 
measured object. 

An exemplary relationship between the intensity 
l 0 (X) of the light irradiated onto the measured object and 
the intensity \[X) of the light transmitted through the 

30 measured object is shown in Figure 7. As shown in Fig- 
ure 7, because the light has been absorbed by the 
measured object, the light intensity greatly differs 
between the incident light and the light used for meas- 
urement (in this case, the transmitted light). Therefore, 

35 in order to maximize the measurement resolution, the 
sensitivity of a light-receiving system is required to be 
varied in accordance with the intensity of the light used 
for measurement. 

The present invention has been made in view of the 

40 above-mentioned circumstances and has objectives of 
providing a stable light source apparatus which can 
project a light beam having a wavelength required for 
measurement onto a measured object with high preci- 
sion and also can eliminate the variation in the emission 

45 intensities with respect to the wavelengths, and provid- 
ing a light source apparatus which can be operated eas- 
ily and can be downsized. 

DISCLOSURE OF INVENTION 

50 

The light source apparatus of this invention 
includes a light source section for emitting light having a 
plurality of wavelengths and a filter for selecting light 
having a single wavelength from the light having the plu- 
55 rality of wavelengths, and for separately outputting light 
having the selected wavelength, the selected wave- 
length being electrically variable, thereby realizing the 
above objectives. 
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An intensity of the light having the selected wave- 
length may be electrically variable. 

The fitter may be an acousto-optic tunable fitter. 

The fitter may output the light having the selected 
wavelength in a direction different from directions in s 
which remaining light having other wavelengths is out- 
put 

The fitter may output the light having the selected 
wavelength as plus and minus first-order light beams 
and the remaining light as a zero-order light beam. 

The light source apparatus may further include a 
combining member for combining the plus and minus 
first-order light beams into a single light beam. 

The fitter may output the tight having the selected 
wavelength as ± m order light beams and the remaining 
light as a zero-order light beam, where m is an integer 
larger than 2. 

The light source apparatus may further include a 
combining member for combining ± m order light beams 
into a single light beam. 

The light source section may include a plurality of 
light sources. 

The light source section may include a single light 
source. 

The light source apparatus may further include a 
converging member for converging the light output from 
the fitter. 

The light source apparatus may further include a 
member for allowing the light having the selected wave- 
length to pass therethrough and blocking the other light 

The filter may be electrically adjusted such that the 
selected wavelength is sequentially varied while an 
intensity of the light having the selected wavelength is 
constant 

The filter may be electrically adjusted such that an 
intensity of the light having the selected wavelength is 
sequentially varied while the selected wavelength is 
constant 

The light source section may include laser diodes. 
The light source section may include light-emitting 
diodes. 

The plurality of light sources may emit a plurality of 
light beams having respectively different wavelength 
ranges. 

The plurality of light sources may be arranged in an 
array. 

The light source apparatus may further include a 
lens array which is provided between the tight source 
section and the fitter and has a plurality of lenses. 

The measurement method of the invention uses 
light emitted from a light source apparatus which 
includes: a light source section for emitting tight having 
a plurality of wavelengths; and a filter for selecting light 
having a single wavelength from the light having the plu- 
rality of wavelengths, and for separately outputting light 
having the selected wavelength, the selected wave- 
length being electrically variable. The method includes 
the steps of: irradiating a measured object with the light 



emitted from the light source apparatus; receiving light 
transmitted through, reflected by, or scattered, by the 
measured object; and performing a measurement with 
respect to the measured object based on the received 
light. In the irradiation step, at least one of the selected 
wavelength and an intensity of the tight having the 
selected wavelength is sequentially varied, thereby real- 
izing the above objectives. 

Another measurement method of the invention 
uses light emitted from a light source apparatus which 
includes: a light source section for emitting light having 
a plurality of wavelengths; and a filter for selecting light 
having a single wavelength from the light having the plu- 
rality of wavelengths, and for separately outputting light 
having the selected wavelength, the selected wave- 
length being electrically variable. The method includes 
the steps of: irradiating a measured object with the light 
emitted from the light source apparatus; receiving light 
transmitted through, reflected by, or scattered by, the 
measured object as light for measurement; and per- 
forming a measurement with respect to the measured 
object based on the light for measurement. The method 
further includes a step of electrically adjusting the filter 
such that an intensity of the light for measurement 
becomes substantially constant without depending 
upon the selected wavelength, prior to the irradiation 
step, thereby realizing the above objectives. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows the configuration of a filter used in 
the light source apparatus according to the present 
invention. 

Figure 2 is a cross-sectional view schematically 
showing the configuration of the light source apparatus 
according to the present invention. 

Figure 3 is a figure illustrating an example of the 
wavelength characteristics of a light source section of 
the light source apparatus shown in Figure 2. 

Figure 4 is a figure illustrating an example of the 
wavelength characteristics of a light beam emitted from 
the light source apparatus shown in Figure 2 when the 
light source section has the wavelength characteristics 
illustrated in Figure 3. 

Figure 5 is a figure illustrating another example of 
the wavelength characteristics of a light beam emitted 
from the light source apparatus shown in Figure 2 when 
the light source section has the wavelength characteris- 
tics illustrated in Figure 3. 

Figure 6 is a figure illustrating still another example 
of the wavelength characteristics of a light beam emitted 
from the light source apparatus shown in Figure 2 when 
the light source section has the wavelength characteris- 
tics illustrated in Figure 3. 

Figure 7 is a figure illustrating exemplary wave- 
length characteristics of the light emitted from a conven- 
tional light source apparatus and the light for 
measurement obtained by irradiating a measured object 
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with the emitted light. 

Figure 8 is a figure illustrating the process steps for 
adjusting the intensities of the light beams emitted from 
the light source apparatus shown in Figure 2 in perform- 
ing an optical measurement using the light source appa- 
ratus. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Hereinafter, an embodiment of the light source 
apparatus according to the present invention will be 
described with reference to the accompanying draw- 
ings. 

Figure 1 illustrates a filter used for selectively out- 
putting light having a single wavelength from light hav- 
ing a plurality of wavelengths in the light source 
apparatus according to the present invention. The filter 
is formed of an acousto-optic tunable filter (AOTF) 
which is a band pass filter for electrically scanning a 
wavelength. The acousto-optic tunable filter 4 includes: 
an acousto-optic crystal 41 ; an acoustic wave driver 42; 
a piezoelectric transducer 43; and an absorber 44. The 
acousto-optic tunable filter 4 receives incident light 
including a plurality of wavelength components and then 
selectively outputs light containing a single wavelength 
component and components in the vicinity of the single 
wavelength. The acousto-optic tunable filter 4 used in 
the light source apparatus according to the present 
invention is of a "non-collinear" type in which the propa- 
gation direction of the acoustic wave applied to the 
acousto-optic crystal 41 crosses the propagation direc- 
tion of the light in the acousto-optic crystal 41. The 
acousto-optic crystal 41 herein is made of tellurium 
dioxide (Te02). The wavelength to be selected can be 
changed by varying the frequency of the RF signal sup- 
plied to the piezoelectric transducer 43 from the acous- 
tic wave driver 42. Therefore, it is no longer necessary 
to provide a mechanical movable portion which has 
conventionally been necessary for moving the filters. In 
addition, it is not necessary to repeat the optical calibra- 
tions. 

Hereinafter, the operation of the acousto-optic tun- 
able filter 4 will be described with reference to Figure 1 . 

When an RF signal generated by the acoustic wave 
driver 42 is supplied to the transducer 43, the RF signal 
is converted by the transducer 43 into an acoustic wave 
to be applied to the acousto-optic crystal 41. In the 
acousto-optic crystal 41, when the acoustic wave 
passes therethrough, a distortion is caused in the crys- 
tal lattice. This distortion of the crystal lattice functions 
as a grating for light having a single wavelength. Thus, 
the acousto-optic crystal 41 under the application of an 
acoustic wave selectively diffracts the light having the 
single wavelength and then outputs the light as plus and 
minus first-order diffracted light beams. That is, the 
angle of diffraction depends on the frequency of the 
acoustic wave applied to the acousto-optic crystal 41. 
Light having wavelengths other than the single wave- 



length transmitted through the acousto-optic crystal 41 
outgoes as a zero-order diffracted light beam, toward a 
direction different from the directions of the plus and 
minus first-order diffracted light beams. Thus, light hav- 

5 ing a wavelength selected by the filter is separated from 
the remaining light having wavelengths other than the 
selected wavelength. 

The wavelength of the light which is selectively dif- 
fracted by the acousto-optic crystal 41 is determined in 

io accordance with the frequency of the acoustic wave. 
Therefore, the wavelength to be selected can be varied 
by varying the frequency of the RF signal generated by 
the acoustic wave driver 42. In addition, in the acousto- 
optic tunable filter, the intensity of the light outgoing 

is from the acousto-optic crystal 41, i.e., the intensity of 
the diffracted light, is determined depending upon the 
power of the RF signal generated by the acoustic wave 
driver 42. Thus, if the power of the RF signal is adjusted, 
light having a desired intensity (quantity of light) can be 

20 obtained. As described above, since the light source 
apparatus according to the present invention uses an 
acousto-optic tunable filter 4, it is possible to electrically 
change the wavelength and the intensity (quantity) of 
light selected by the filter. 

25 Next, the configuration of the light source apparatus 
according to the present invention will be described with 
reference to Figure 2. 

Figure 2 is a cross-sectional view schematically 
showing the configuration of the light source apparatus 

30 according to the present invention. 

The light source apparatus 1 includes a light source 
section 2; a lens array 3; an acousto-optic tunable filter 
4; a converging lens 5; a selector 6; and a combining 
element 7. The light source section 2 is configured so as 

35 to emit a plurality of light beams having a plurality of 
wavelength ranges. In this embodiment, a light source 
array including a plurality of light sources 2A, 2B, 20, ... 
2N, which emit light beams having respectively different 
wavelengths, is used as the light source section 2. Pref- 

40 erably, a plurality of light sources having an equal output 
intensity are used as the light sources 2A, 2B, 2C. ... 2N. 
The power supplies of these light sources are not 
required to be turned ON/OFF discontinuous! y as is 
done in a light source of a conventional light source 

45 apparatus. The reason is as follows: Since the wave- 
length to be separated is selected only by electrically 
adjusting the acousto-optic tunable filter 4, it is no 
longer necessary to select a light source in accordance 
with the wavelength to be selected as is done in a con- 
so ventionai light source apparatus. Laser diodes, light- 
emitting diodes or the like can be used as the plurality of 
light sources. Also, these light sources may be arranged 
either in one-dimension or two-dimension. Alternatively, 
a plurality of light sources may be arranged in a circular 

55 arrangement. 

Instead of using a plurality of light sources, a single 
light source (e.g., a fluorescent lamp) which has broad 
wavelength characteristics or can emit light having vari- 
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ous wavelengths may be used. Whether a plurality of 
tight sources are used or a single light source is used, 
the power supply of each light source must be activated 
beforehand. Thus, the light source(s) can only be used 
in a state where the output of the power supply is stabi- 
lized and the quantity of light emitted from the light 
source is stable. 

The lens array 3 is provided in front of the light 
source section 2. The lens array 3 collimates the plural- 
ity of light beams having a plurality of wavelengths 
which have been emitted from the light source section 2 
into collimated light beams and then directs the colli- 
mated light beams be incident onto the acousto-optic 
tunable filter 4. In this embodiment, the lens array 3 
includes the same number of converging lenses 3A, 3B, 
3C, . .. 3N as the number of light sources constituting the 
light source array. 

The light beams collimated by the lens array 3 are 
incident onto the acousto-optic tunable filter 4. The 
acousto-optic tunable filter 4 selectively diffracts light 
beams having a desired wavelength to direct the dif- 
fracted light beams as plus and minus first-order dif- 
fracted light beams toward directions different from the 
direction toward which light beams having wavelengths 
other than the desired wavelength is directed as a zero- 
order diffracted light beam, as described above. Thus, 
the acousto-optic tunable filter 4 outputs the plus and 
minus first-order light beams and the zero-order light 
beams in respectively different directions. The converg- 
ing lens 5 receives the light beams output from the 
acousto-optic tunable filter 4 and then converges the 
plus and minus first-order light beams and the zero- 
order light beams at the respective positions corre- 
sponding to the incidence directions thereof. Accord- 
ingly, only the light having a desired wavelength is 
converged onto the positions different from the position 
onto which the light having other wavelengths is con- 
verged. 

A selector 6 having two openings is provided in 
front of the converging lens 5. The selector 6 is dis- 
posed such that these two openings are located at the 
positions onto which the plus and minus first-order light 
beams are converged. Therefore, the light beams other 
than the light beams having a desired wavelength are 
blocked by the selector 6, so that the measured object is 
irradiated only with the plus and minus first-order light 
beams through the openings. 

A combining element 7 is disposed in front of the 
selector 6. The combining element 7 combines the plus 
and minus first-order light beams which have passed 
through the openings of the selector 6 into a single light 
beam. In this embodiment, a multi-branch fiber having 
two input sections and one output section is used as the 
combining element 7. However, the combining element 
7 is not limited to a multi-branch fiber. Alternatively, any 
arbitrary element can be used so long as the element 
can combine the plus and minus first-order light beams 
incident from two directions into one light beam to be 



output For example, a light guide or the like can be 
used. 

In this way. the light source apparatus 1 according 
to the present invention can separate light having a 

s desired wavelength from light having a plurality of wave- 
lengths merely by performing an electrical adjustment 
and then can emit the light at a desired intensity. 

An example of the wavelength characteristics of the 
fight source section 2 is illustrated in Figure 3. In this 

10 example, the light source section 2 emits light beams 
having three different wavelengths of 1065 nm, 1 153 nm 
and 1287 nm. In this embodiment, an array in which 
three laser diodes are arranged is used as the light 
source section 2. In this case, if the frequency of the 

15 acoustic wave driver 42 is set to be 90.665 MHz, then a 
light beam having a wavelength of 1065 nm can be 
selected as shown in Figure 4. On the other hand, if the 
frequency of the acoustic wave driver 42 is set to be 
83.746 MHz. then a light beam having a wavelength of 

20 1 153 nm can be selected as shown in Figure 5. Further- 
more, if the frequency of the acoustic wave driver 42 is 
set to be 75.260 MHz, then a light beam having a wave- 
length of 1287 nm can be selected as shown in Figure 
6. Thus, the light source apparatus according to the 

25 present invention can change the wavelength to be 
selected by the acousto-optic tunable filter 4 by varying 
the frequency of an electric signal supplied from the 
acoustic wave driver 42 to the transducer 43. 

As described above, in the light source apparatus 

30 according to the present invention, the wavelength of 
the light emitted from the light source apparatus can be 
electrically adjusted. Therefore, if the light source appa- 
ratus according to the present invention is used, then it 
is possible to efficiently perform, for example, an optical 

35 measurement in which the wavelengths of the light to be 
incident on the same measured object are sequentially 
varied, a so-called "wavelength scanning". In addition, 
since it is possible to electrically adjust the wavelengths 
of the light emitted from the light source apparatus and 

40 also the intensities (or the quantity) of the light, it is also 
possible to efficiently perform an optical measurement 
in which the intensities of the light beams to be incident 
on the measured object are sequentially varied. 

As described above, in the case of using a conven- 
es tional light source apparatus, in order to sequentially 
vary the wavelengths of the light to be incident on one 
measured object, the operation and the mechanism of 
the light source apparatus become adversely compli- 
cated. Moreover, as shown in Figure 7. even when the 

so same measured object is measured, the intensities of 
the transmitted light, the reflected light or the scattered 
light obtained as the fight for measurement are greatly 
varied depending upon the wavelengths of the light for 
irradiation. Thus, when a wavelength scanning is per- 

55 formed with respect to a measured object, it is neces- 
sary to vary not only the wavelengths but also the 
sensitivities of a light-receiving system for receiving the 
light for measurement. 



5 



9 



EP 0 867 697 A1 



10 



On the other hand, if the light source apparatus 
according to the present invention is used, then such an 
optical measurement in which the wavelengths of the 
light incident on one measured object are sequentially 
varied can be performed in the following manner. First, 
light having arbitrary wavelength-intensity characteris- 
tics is emitted from the light source apparatus so as to 
be incident on a measured object In this embodiment, 
the object is irradiated with light l 0 (X) having wavelength 
characteristics represented by the broken line in Figure 
8. Next, based on the wavelength characteristics of the 
light obtained by this measurement, the incident light 
having such wavelength characteristics (the light inten- 
sity at each wavelength) as making the intensities of the 
light for measurement substantially constant with 
respect to each wavelength is determined. In this 
embodiment, the incident light \ 0 '{X) having wavelength 
characteristics represented by the one-dot chain in Fig- 
ure 8 is selected as the incident light which can make 
the intensities of the light for measurement substantially 
constant with respect to each wavelength. 

Then, while adjusting the power of the acoustic 
wave driver 42 of the acousto-optic tunable filter 4 so 
that the wavelengths of the light selected by the acou- 
sto-optic filter 4 are sequentially changed. In this way, 
light for measurement Y(X) having substantially flat 
wavelength characteristics can be obtained. 

As described above, if the light source apparatus 
according to the present invention is used, it is possible 
not only to easily perform an electrical scanning of the 
wavelengths with respect to the same measured object, 
but also make the intensity of the light for measurement 
obtained by the wavelength scanning substantially con- 
stant. Therefore, it is no longer necessary to vary the 
sensitivity of a light-receiving system used for the meas- 
urement in accordance with the wavelengths. In addi- 
tion, it is also possible to set the measurement area of a 
light-receiving system to be narrow. Alternatively, in 
electrically adjusting the intensity of the light emitted 
from the light source apparatus, it is also possible to 
adjust the power of the acoustic wave driver of the acou- 
sto-optic tunable filter in accordance with the measure- 
ment area of the light-receiving system. 

In the above described embodiment, an array of a 
plurality of light sources is assumed to be used as the 
light source section 2. Alternatively, the light sources 
may be arranged as a one-dimensional array or a two- 
dimensional array or in a circular arrangement. 

Also, in the above-described embodiment, a lens 
array 3 is used for directing the light emitted from the 
light source section 2 be incident onto the acousto-optic 
tunable filter 4. However, even in the case of using a 
multi-branch fiber having a plurality of light inputs 
respectively corresponding to the plurality of light 
sources and one light output, instead of the lens array 3, 
for example, the light emitted from the light source sec- 
tion 2 can be efficiently converged onto the acousto- 
optic tunable filter 4. 



In the above embodiment, an example in which light 
having a selected wavelength is separated as plus and 
minus first-order diffracted light beams, has been 
described. However, the present invention is not limited 
s thereto, the light having a selected wavelength may be 
separated as higher order diffracted light beams (± m 
order light beams, m is an integer larger than 2). 

INDUSTRIAL APPLICABILITY 

w 

As is apparent from the foregoing description, the 
light source apparatus according to the present inven- 
tion selects light having a single wavelength from light 
having a plurality of wavelengths and then outputs the 

15 selected light beam separately from the remaining light 
beams having other wavelengths. The wavelength to be 
selected can be changed by electrically varying the set 
values of the filter. More specifically, the wavelength of 
light to be separated can be changed by varying the fre- 

20 quency of the RF signal generated by the acoustic wave 
driver of the acousto-optic filter used as a filter. There- 
fore, it is no longer necessary to provide a plurality of fil- 
ters so as to correspond to the respective wavelengths 
and interchange the filters in accordance with the wave- 

25 length to be selected, so that the configuration and the 
operation of the light source apparatus can be simplified 
and the size of the entire light source apparatus can be 
reduced. In addition, light having a desired wavelength 
can be obtained with high precision. 

30 Moreover, the light source apparatus according to 
the present invention can electrically vary the wave- 
length to be selected by the filter and also the intensity 
of the light beam to be selected by and output from the 
filter. Specifically, by varying the RF power of the acous- 

35 tic wave driver of the acousto-optic tunable filter used as 
the filter of the invention, the intensity of the light output 
from the acousto-optic tunable fitter can be varied. 

Furthermore, in the light source apparatus accord- 
ing to the present invention, the wavelength of the light 

40 emitted from the light source apparatus is electrically 
selected by the filter. Thus, even when a plurality of light 
sources are provided, it is no longer necessary to turn 
ON/OFF the power of the light sources as is done in a 
conventional apparatus. Since the light sources can 

45 always be set in a light-emission state, the variation in 
the quantity (or the intensity) of the light emitted from 
the light source apparatus can be reduced. Moreover, 
since the light having the selected wavelength is sepa- 
rated by the filter from the remaining light beams having 

so other wavelengths, it is no longer necessary to separate 
light into a plurality of light beams having a plurality of 
wavelengths and then make the light beams be incident 
onto the filter. Consequently, the configuration of the 
light source apparatus can be simplified. 

55 Moreover, the light source apparatus according to 
the present invention can converge the light having a 
selected wavelength even when the light has been sep- 
arated from the remaining light having other wave- 
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lengths. 

Furthermore, the light source apparatus according 
to the present invention can efficiently converge the light 
having a plurality of wavelengths, which have been 
emitted from the light source section, onto the filter. If an 
array in which a plurality of light sources are arranged is 
used as the light source section and either a lens array 
disposed so as to correspond to the light sources or a 
multi-branch fiber having a plurality of light inputs corre- 
sponding to the light sources is disposed in front of the 
light source array, then it is possible to converge the 
light emitted from the light source section onto the filer 
more efficiently. 

If a plurality of light sources emitting a plurality of 
light beams having respectively different wavelength 
ranges are used for the light source section, then the 
wavelength range of the light emitted from the light 
source apparatus can be enlarged. 

Claims 

1 . A light source apparatus comprising 

a light source section for emitting light having a 
plurality of wavelengths and 
a filter for selecting light having a single wave- 
length from the light having the plurality of 
wavelengths, and for separately outputting light 
having the selected wavelength, the selected 
wavelength being electrically variable. 

2. A light source apparatus according to claim I, 
wherein an intensity of the light having the selected 
wavelength is electrically variable. 

3. A light source apparatus according to claim I or 2, 
wherein the filter is an acousto-optic tunable filter. 

4. A light source apparatus according to any one of 
claims I to 3, wherein the filter outputs the light hav- 
ing the selected wavelength in a direction different 
from directions in which remaining light having 
other wavelengths is output. 

5. A light source apparatus according to claim 4, 
wherein the filter outputs the light having the 
selected wavelength as plus and minus first-order 
light beams and the remaining light as a zero-order 
light beam. 

6. A light source apparatus according to claim 5, fur- 
ther comprising a combining member for combining 
the plus and minus first-order light beams into a sin- 
gle light beam. 

7. A light source apparatus according to claim 4, 
wherein the filter outputs the light having the 
selected wavelength as ± m order light beams and 



the remaining light as a zero-order light beam, 
where m is an integer larger than 2. 

8. A light source apparatus according to claim 7, fur- 
5 ther comprising a combining member for combining 

± m order light beams into a single light beam. 

9. A light source apparatus according to any one of 
claims I to 8, wherein the light source section com- 

10 prises a plurality of light sources. 

10. A light source apparatus according to any one of 
claims I to 8, wherein the light source section com- 
prises a single light source. 

15 

11. A light source apparatus according to claim 9, fur- 
ther comprising a converging member for converg- 
ing the light output from the filter. 

20 12. A light source apparatus according any one of 
claims I to 1 1 , further comprising a member for 
allowing the light having the selected wavelength to 
pass therethrough and blocking the other light. 

25 13. A light source apparatus according to any one of 
claims I to 12, wherein the filter is electrically 
adjusted such that the selected wavelength is 
sequentially varied while an intensity of the light 
having the selected wavelength is constant. 

30 

14. A light source apparatus according to any one of 
claims I to 12, wherein the filter is electrically 
adjusted such that an intensity of the light having 
the selected wavelength is sequentially varied while 

35 the selected wavelength is constant. 

1 5. A light source apparatus according to claim 9 or 1 0, 
wherein the light source section comprises laser 
diodes. 

40 

16. A light source apparatus according to claim 9 or 10, 
wherein the light source section comprises light 
emitting diodes. 

45 17. A light source apparatus according to any one of 
claims 9. 15 and 16, wherein the plurality of light 
sources emit a plurality of light beams having 
respectively different wavelength ranges. 

so 18. A light source apparatus according to any one of 
claims 9, 1 5, 1 6 and 1 7, wherein the plurality of light 
sources are arranged in an array. 

19. A light source apparatus according to any one of 
55 claims 9. 15. 16. 17 and 18, further comprising a 
lens array, which is provided between the light 
source section and the filter and has a plurality of 
lenses. 
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20. A measurement method using light emitted from a 
light source apparatus which comprises: a light 
source section for emitting light having a plurality of 
wavelengths; and a filter for selecting light having a 
single wavelength from the light having the plurality s 
of wavelengths, and for separately outputting light 
having the selected wavelength, the selected wave- 
length being electrically variable, the method com- 
prising the steps of: 

10 

irradiating a measured object with the light 
emitted from the light source apparatus; 
receiving light transmitted through, reflected by, 
or scattered by, the measured object; and 
performing a measurement with respect to the is 
measured object based on the received light, 

wherein at least one of the selected 
wavelength and an intensity of the light having 
the selected wavelength is sequentially varied 
in the irradiation step. 20 

21. A measurement method using light emitted from a 
light source apparatus which comprises: a light 
source section for emitting light having a plurality of 
wavelengths; and a filter for selecting light having a 2s 
single wavelength from the light having the plurality 

of wavelengths, and for separately outputting light 
having the selected wavelength, the selected wave- 
length being electrically variable, the method com- 
prising the steps of: 30 

irradiating a measured object with the light 
emitted from the light source apparatus; 
receiving light transmitted through, reflected by. 
or scattered by, the measured object; and 35 
performing a measurement with respect to the 
measured object based on the received light, 

wherein the method further comprises a 
step of electrically adjusting the fitter such that 
an intensity of the light for measurement 40 
becomes substantially constant without 
depending upon the selected wavelength, prior 
to the irradiation step. 
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